Asymptotic expansions as e--,0 that are uniformly valid in t are obtained for the membrane's motion and the scattered acoustic pressure field. The small parameter ß is the density ratio of the acoustic fluid and the membrane. For simplicity of presentation, only plane, compact incident pulses are considered. The scattered field depends on the pulse's structure. If it is a sufficiently narrow bandwidth pulse which contains none of the in vacuo natural frequencies of the membrane, then it is essentially reflected as though the baffled plane is completely rigid. However, if the pulse spectrum is sufficienfiy broad so that it contains one or more of the in vacuo natural frequencies of the membrane, an additional scattered field is produced. This scattered field insonifies distant observation points after the rigidly reflected pulse has arrived. It is the sum of slightly damped and oscillating outgoing spherical waves that represents the "decayed ringing" of the membrane. Application is given to the baffled circular membrane which is insonified by a normally incident pulse. Graphs of the membrane's motion and the farfield acoustic pressure are given. They demonstrate the importance of the incident pulse width on the qualitative features of the response.
INTRODUCTION
The plane z = 0 is a rigid baffle that separates an acoustic fluid in the upper half-space z > 0 from a vacuum in the lower half-space. A thin, tightly stretched membrane occupies the region M of this plane. A pulse P t(x,t ), which satisties the acoustic wave equation in the upper half-space, is incident on this baffled membrane.
The scattered field depends on the pulse's structure and the membrane's geometrical and physical properties. Ifit is a narrow bandwidth pulse such that its spectrum is free of any of the in vacuo natural frequencies of the membrane, the pulse is reflected as though the entire plane z = 0 is essentially rigid. However, if the spectrum of the pulse contains one or more of these natural frequencies, the membrane is then in "near resonance" with the pulse, producing a scattered field in addition to the rigidly reflected field. This scattered field also depends on the physical width of the pulse. Thus, for example, when the pulse is free of the membrane, the scattered field results from the "ringing" of the membrane as it is "damped" by the back pressure of the fluid.
Since membrane (and plate) theories are valid essentially only for the "lower" modes of vibration, we assume that the pulse's bandwidth is restricted so that it can only excite the first few modes of the membrane. It may be necessary to consider the flexible region M of the plane as a three-dimensional elastic body if broader bandwidth pulses are considered.
The pulse scattering problem is formulated in Sec. I as an initial-boundary value problem for an integrodifferential equation for the lateral motion of the membrane. The scattcred acoustic field is then given by an integral over the membrane's surface. This problem is then solved in Seca. II and III by first expanding the membrane's motion in its in vacuo normal modes. We assume that these modes are known either analytically or by numerical evaluation. The time-dependent coefficients in this expansion satisfy a coupled system of ordinary, integrodifferential equations. They are reduced to a coupled system of algebraic equations by applying the Laplace transform. An asymptotic expansion of the solution of this algebraic system is obtained in the small parameter •, which is defined as the density ratio of the acoustic fluid to the membrane. Then by inverting the asymptotic expansion of the Laplace transform, we obtain an integral representation for the membrane's motion and for the scattered acoustic field. These asymptotic approximations are uniformly valid in t as
In Sec. III we obtain qualitative features of these asymptotic approximations. To simplify the presentation, we consider only plane compact pulses that excite modes corresponding to simple cigenvalues of the membrane. However, we indicate how the analysis can be extended to pulses that excite modes of multiple eigenvalues. Finally, our analysis is applied in Sec. IV to the circular membrane that is insonified by a specific, normally incident, plane compact pulse. A discussion of the response and graphs of the membrane's mo-tion and farfield acoustic pressures are given.
The pulse scattering problem can be solved numerically by obtaining the response of the membrane to time periodic incident fields, either, for example, by a method of matched asymptotic expansions t or the method of normal modes, 2 and then numerically evaluating the inverse Fourier transform integral. Alternatively, the time-dependent scattering problem can be solved by methods which rely on the approximate deeoupling of the fluid-structure equations and on the pulse's spectral content, see, e.g., Refs. 3 and 4. The finite element method is then used to determine the strueture's approximate motion. A new numerical method for solving the time-dependent scattering problem is given in Ref. 5. It is a finite difference technique which uses "artificial" boundary conditions on a finite region to simulate the infinite region, z > 0. The use of such artificial boundary conditions for numerically solving wave propagation problems has been previously employed Isee, e.g., Ref. 6}. In this method the fully coupled fluid-membrane equations are solved.
I. FORMULATION
In dimensionless variables x = (x,y•) and t, the pressure in the acoustic fiuid'P(x,t } satisfies the wave equation 
The requirement that the acoustic and membrane velocities are continuous on the membrane's surface gives the condition e,(x,y,o,t ) = -w,,{x,y,t } ,
The acoustic pulse which is incident on the plane z = 0 is denoted by P z (x,t). It is a solution of the wave equation ( 1 }.
If the entire plane was rigid, then the incident pulse would be reflected as the pulse pn (x,t)•Pt(x,y, --z,t ), which is also a solution of(l }. Thus, we express the total acoustic pressure inz>0as P(x,t ) = Pt(x,t ) + Pn{x,t) +p{x,t }, {6}
wherep(x,t ) is the scattered pressure field that is caused by the membrane's presence. By inserting (6) into (1), {2), {4), and ($), we find that the scattered field satisfies the following problem:
Aao=p,, z>0; To simplify the analysis of the scattering problem (7}, we now reformulate it as a problem for w. Thus we first employ the adjoint Green's function G (x,t x',t ') given by 
G(x,tlx',t')--6(t'--t--R) -• 6(t'--t--

II. THE SOLUTION OF THE INTEGRODIFFERENTIAL PROBLEM
We solve (11) by the eigenfunction expansion method; that is, we seek solutions of (11) The scattered pressure is then obtained by inserting (27) into (10). This calculation will be performed in the next section for special incident pulses.
IlL EVALUATION OF THE TRANSIENT RESPONSE
In this section we evaluate (27) and the corresponding farfield pressure, and physically interpret the results for three simple incident pulses.
A. The normally incident, plane, "spiked" pulse
This pulse is given by P'(x•,t)=6(z+ t), t>0,
so that it "touch•"the membrane at t = 0. Inserting (28) into (27) and performing the t integration, we find that
w{xot, t;e) = --f + ol). (29)
Thus, the integral of the kernel (27b) over the membrane M is the response of the membrane to the pulse (28). Combining 
X f f H(t --q) B(t --q )•.(x'.•y')dx' dy' + O(e•). q (31) In the farfield, Ix[ = r--,oo and (31) is simplified to p(x,t } = 2•H (t --r} • k. (•,,,I) p. (t -r,•;e)
where the function J(t) is defined by
J(t)=lm•otg•)e•'½'-•}d•).
In the farfield, (36) is simplified to leaves the observation point after the reflected pulse, and during the overlap time it is small compared to the reflected pulse. However, after the tail of the reflected pulse passes the observation point, the total pressure is given by (38) and it is O (e). Moreover, when t>r + r, so that the tail of the spherical wave, which is given by the first term in (38), passes the observation pohit, the scattered, and hence the total pressure, is given by the second term in (38}. When t>r + r, i.e., for sufficiently large values oft, the second term is simplified to evaluation of the integrals and sums in (4 la). However, when t>•-t-r, i.e., when the incident pulse "lifts" from the membrane, the upper ty limit in (41 } can be replaced by r. Then by interchanging the order of integration in (41) and using ( Figure 4 illustrates the typical "ringing" and exponential decay of an isolated mode. Also, for a given pulse shape g(• ), as •-increases the broader pulse has more of its energy located in the low-frequency portion of the spectrum. Thus, the broader pulse will not significantly excite any particular mode in the superposition. This is confirmed by the results presented in Fig. 5 where the backscattered amplitude is shown for the same values of E and c as in Fig. 3(a) and (b) , but for r = 5.0. The additional modulation is not present.
On the other hand, for a fixed pulse shape g(• ), decreasing ½ puts more energy into the high-frequency portion of the pulse's spectrum. Thus, the sharper pulse will excite more of the membrane's modes and make the response more quasiperiodic in character. This is illustrated by the results presented in Fig. 6 where the backscattered amplitude is shown for the same values ofe and c as in 
